Background and objectives: The objective of this study was to describe the prevalence of ocular fundus pathology in the Chronic Renal Insufficiency Cohort (CRIC) study, a multicenter, longitudinal study of individuals with varying stages of chronic kidney disease (CKD).
R enal microvascular pathology is thought to play an important role in the development of renal insufficiency. The assessment of renal vascular pathology requires invasive procedures. The retinal vasculature, conversely, can be observed noninvasively in humans and therefore offers a unique opportunity to explore the association between systemic microvascular disease and renal function. In addition, several studies have shown correlations between retinopathy and nephropathy changes in diabetes (1) (2) (3) (4) (5) (6) , in sys-temic hypertension (7, 8) , and in individuals without these two conditions (7) .
A report from the Atherosclerosis Risk in Communities (ARIC) Study (7) demonstrated a strong association between retinopathy features and renal dysfunction that was independent of age, diabetes, hypertension, and other risk factors. Recent reports have also shown associations between renal disease and age-related macular degeneration (9 -11) .
To look into the association between retinal pathology and chronic kidney disease (CKD), a life-threatening condition that affects more than 10 million Americans (12), we are carrying out the Retinopathy in Chronic Renal Insufficiency Cohort (RCRIC) study, an ancillary investigation to the Chronic Renal Insufficiency Cohort (CRIC) study, a multicenter, observational longitudinal cohort study of adults with chronic renal insufficiency (13, 14) . The principal goals of the CRIC study are to examine risk factors for progression of chronic kidney disease (CKD) and cardiovascular disease (CVD) among participants with varying severity of CKD.
To investigate in more detail the relationship between ocular vascular pathology and CKD, the RCRIC investigators obtained fundus photographs of 1936 CRIC participants. Because of the increased risk for fundus pathology in these participants with CKD (1, 7, 11) , a rapid clinic assessment of the photographs was performed upon receipt at the photography reading center. The purpose was to provide timely feedback to the clinical sites and the participants regarding fundus abnormalities that warranted follow-up with a complete eye examination by an ophthalmologist. The results of this review of the photographs are summarized in this report. We are assessing and quantifying in detail the retinal pathology and will report on this subject in the near future.
Materials and Methods

Study Population
Details of the design of the CRIC study have been previously reported (13, 14) . Participants in RCRIC were recruited from six of the seven CRIC clinical centers. Tulane University declined participation in our study. Because of budget constrains, only six fundus cameras were available. These six cameras were placed in the remaining CRIC participating institutions with larger numbers of CRIC participants. All CRIC participants from these six sites were eligible for this study. The following numbers of participants were photographed at each center: University of Pennsylvania (Philadelphia, PA), 417; University of Maryland (Baltimore, MD), 205; Case Western Reserve University (Cleveland, OH), 226; University of Michigan (Ann Arbor, MI), 305; University of Illinois (Chicago, IL), 349; and Kaiser Permanente, Oakland/ University of California (San Francisco, CA), 434. This study followed the precepts of the Declaration of Helsinki.
In this cross-sectional study, CRIC participants were recruited for the RCRIC ancillary study at regular CRIC annual visits. Participants were asked to sign a consent form approved by the institutional review boards of the participating institutions. The CRIC definitions of CKD, diabetes, and systemic hypertension were used and estimated GFR (eGFR) was calculated as follows: eGFR ϭ 186 ϫ (serum creatinine [mg/dl]) Ϫ1.154 ϫ age Ϫ0.203 ϫ 0.742 (if female) ϫ 1.212 (if black) (13, 14) .
Photography
Photographs were taken by trained and certified CRIC study coordinators. Most photography sessions coincided with the CRIC annual visits. To standardize the competency of the personnel responsible for taking RCRIC photographs, the CRIC clinic coordinators, who were not ophthalmic photographers, were certified by the RCRIC Fundus Photograph Reading Center. The certification requirements included attending a day-long photography training meeting at the RCRIC Reading Center and successful completion of a written as well as a hands-on proficiency test.
Participants were seated in front of the fundus camera. Room light levels were reduced for a 5-minute period to induce a physiologic dilation of the pupils. No pharmacologic compounds were used to achieve pupillary dilation. A Canon CR-DGI, Non-Mydriatic Retinal Camera (Canon Inc., Tokyo, Japan) was used to obtain 45°digital, color fundus photographs. A set of two images was obtained from each eye. One image was centered on the macula and the other was centered on the optic disc. A participant was considered eligible for analysis when either the disc or the macula photograph was assessable in at least one eye.
Deidentified fundus photographs were sent in digital format by mail to the RCRIC Fundus Photograph Reading Center at the University of Pennsylvania, where they were assessed in a systematic manner by graders and a retinal specialist who was unaware of any participant information. Within 3 weeks of receipt of the photographs, a "clinical" report including the results of the retinal assessment and color prints of the patient's fundus photographs were sent to the CRIC clinical sites for reidentification and distribution to the study participants. When warranted, the report stated that an examination by an ophthalmologist was recommended. Retinopathy was defined as vascular pathology as a result of diabetes, hypertension, or other conditions. Signs suggestive of glaucoma were cup-to-disc ratio of Ն0.7 and asymmetry between two eyes. Signs of age-related macular degeneration were large drusen and pigmentary changes. Vision-threatening conditions were proliferative diabetic retinopathy and embolic plaque. Clinically actionable fundus pathology was considered any condition that would warrant an examination by an ophthalmologist.
Data Analysis
To assess whether the RCRIC population is representative of the overall CRIC cohort, we compared the CRIC baseline characteristics of participants who had photographs taken with those of CRIC participants who did not enroll in RCRIC and did not have photographs. We used t tests with the Satterthwaite adjustment for unequal variances to compare continuous variables and 2 tests to compare the distributions of categorical variables. The association of the proportion of participants who had fundus pathology with key demographic and health characteristics was assessed first with 2 tests and then with logistic regression, using stepwise model selection, to identify independent risk factors. Data values from the annual visit that was closest in time to RCRIC photography were used in the analysis of risk factors. P Ͻ 0.05 was considered statistically significant.
Results
A total of 1936 (74%) of 2605 eligible participants were photographed for RCRIC between June 2006 and May 2008. Characteristics of the RCRIC participants at their CRIC baseline visit are shown in Table 1 .
A comparison of the CRIC participants who had fundus photography taken with the CRIC participants who did not participate in our RCRIC study showed no statistically significant differences in age, race, ethnicity distribution, or diastolic BP (Table 1) . Mean systolic BP, prevalence of diabetes, proportion of women, and body mass index (BMI), however, were significantly lower in RCRIC participants than in CRIC participants who did not have photographs. Finally, the mean eGFR was significantly higher in the RCRIC participants who had photographs taken.
Assessable photographs that allowed clinical assessment of fundus pathology were obtained from 1904 (98%) of the 1936 RCRIC participants. The photographs of a participant were considered assessable when either the disc or the macula photograph of at least one eye was assessable. Both eyes were assessable for 1796 participants. Of the assessable eyes assessed, 3434 eyes had photographs of the macula and disc, 202 eyes had photographs only of the disc, and 64 eyes had photographs only of the macula.
Our investigation identified a variety of fundus pathologies. We found 864 participants (45% of the 1904 RCRIC partici-pants) who warranted a complete eye examination to determine whether treatment or careful follow-up was necessary. Sixty-five (3%) of 1904 participants had a serious condition that required an emergency eye examination for sight-threatening conditions. These participants had signs of high-risk diabetic retinopathy (58 participants) and/or an arterial embolic plaque (eight participants). A typical example of an eye with proliferative diabetic retinopathy and high-risk characteristics for visual loss that needed prompt ocular care is shown in Figure 1 .
As summarized in Table 2 , retinopathy (diabetic, hypertensive, or other) was observed in 482 (25%) of the 1904 participants. Signs of glaucoma were detected in 170 (9%) participants. Signs of age-related macular degeneration were present Figure 1 . Typical example of an eye with proliferative diabetic retinopathy and high-risk characteristics for visual loss that needed prompt ocular care. This gray-scale image was converted from a color photograph and was enhanced by increasing the contrast and brightness to highlight the pathologic features. in 144 (8%) participants. A nevus was present in 25 (1%) participants, and miscellaneous abnormal findings such as retinal deposits, media opacities, macular scars, optic nerve atrophy, and other conditions were present in 120 (6%) participants. The association of demographic and key health characteristics with fundus pathology was examined ( Table 3 ). The percentage of participants with any eye pathology was higher among the older, male, and nonwhite demographic groups. Participants with hypertension and/or diabetes, higher eGFR, CVD, and higher BMI also had higher percentages of any eye pathology. Among the 35 patients who had neither hypertension nor diabetes and had eye pathology, the most common conditions were signs of glaucoma in 12 (34.3%) and signs of age-related macular degeneration in nine (25.7%). One patient had an embolic plaque. When all of the characteristics noted in Table 3 were included in logistic regression modeling (Table 4) , neither age (P ϭ 0.64) nor BMI (P ϭ 0.30) was associated with a statistically significant degree with the presence of any pathology. Male gender, nonwhite race, and presence of CVD were associated with odds ratios (ORs) of 1.29, 1.63, and 1.56, respectively. The ORs increased with lower eGFR. Compared with participants with neither hypertension nor diabetes, participants with hypertension were at increased risk for any eye pathology (OR 1.47); however, the ORs for those with diabetes alone (OR 5.18) or with diabetes and hypertension (OR 3.75) were substantially greater.
The association of each of the three most prevalent specific eye conditions with the demographic and health factors was also examined. Signs of diabetic or hypertensive retinopathy were associated with each of the factors included in Table 3 . (Table 3 ) and in the logistic regression model ( Table 4 ). Nonwhite race (OR 3.32) and male gender (OR 1.59) were associated with higher proportions with glaucoma.
The proportions of signs of glaucoma were highest in the participants with diabetes only and lowest in the participants with both hypertension and diabetes. The only factor associated with age-related macular degeneration was older age. With regard to serious eye conditions that required urgent eye care, the prevalence was rare in those without diabetes or hypertension (0.6%), more common in those with hypertension only (1.5%), and most common in those with diabetes alone (7.9%) or those with a combination of diabetes and hypertension (5.7%; P Ͻ 0.001).
Discussion
Our results show that this cohort of participants with CKD has a high prevalence of fundus pathology. Approximately 45% of participants who had assessable photographs had findings that warranted a follow-up examination with an ophthalmologist. In 3% of the participants, we identified serious eye conditions that required immediate and urgent follow-up. In addition, retinopathy (diabetic, hypertensive, or other) was observed in 482 (25%) participants. This prevalence is much higher than the 3.4% prevalence of retinopathy and the 0.75% prevalence of vision-threatening retinopathy reported by Kempen et al. (15) for the US adult population. Furthermore, the prevalence of fundus pathology in this study was 58% among participants with diabetes and without systemic hypertension and 61% among participants with diabetes and systemic hypertension. These values again are higher than those reported by population-based studies (1) .
We also found that lower eGFR was associated with a much higher incidence of fundus pathology. The percentage of participants with any eye pathology was 60% in those with eGFR Ͻ30 and 35% in participants with eGFR Ն50. Furthermore, serious eye pathology was present in 7% of participants with eGFR Ͻ30 and only 2% of participants with eGFR Ն50. CVD was also associated with increased eye pathology. These results, which are in agreement with previous reports showing higher prevalence of eye pathology in participants with CKD (1,2,4,6 -8) and CVD (16) , strongly suggest that microvascular disease may play a role in the development of ocular, renal, and cardiovascular diseases; therefore, the presence of fundus pathology in participants with CKD may provide information of prognostic value regarding progression of renal disease. Common pathogenic mechanisms for retinopathy and nephropathy such as basement membrane thickening may explain this relationship to some extent (17) .
In addition, our results show that male gender and nonwhite race, as well as conditions such as diabetes and hypertension, are associated with a higher prevalence of eye pathology. All of these findings fit well with previous reports (1) . Possibly, genetic or socioeconomic differences, worse access to care, and worse diabetes and hypertension control in men and nonwhite participants could explain the higher prevalence.
In this report, we concentrate on our preliminary evaluation of clinically actionable fundus pathology. Our assessment was based only on nonstereo fundus photography, and we had no information about patients' visual acuity or presence or absence of ocular complaints. An important component of diabetic and hypertensive retinal pathology is the presence of clinically significant macular edema, a condition that can be effectively treated by laser photocoagulation, resulting in a significant reduction of future visual loss. Detection of macular edema, however, cannot be accurately performed on nonstereo photographs. Although there are some retinopathy features, such as hard exudates and microaneurysms in the proximity of the fovea, that may suggest the presence of edema, a definitive diagnosis can be obtained only through a clinical stereoscopic evaluation of the eye.
Using the information provided by nonstereo photographs, we identified 45% of participants who had fundus features that warranted a complete eye examination to determine whether they required close follow-up or ocular treatment. A large proportion, 25%, of RCRIC participants had retinopathy that required a complete dilated eye examination to determine the need for ocular laser photocoagulation therapy. Other participants had evidence of age-related macular degeneration, a common eye condition that can severely affect vision. This disease in its advanced stages can be treated effectively with laser photocoagulation (18) , photodynamic therapy (19), or intraocular injections of vascular endothelial growth factor inhibitors (20) . Furthermore, there is a preventive treatment of supplementation with high-dosage vitamins C and E, betacarotene, and zinc that can reduce the risk for vision loss by 30% in high-risk cases (21) . A dilated eye examination is needed, however, to determine whether an individual patient has pathology that warrants the initiation of such preventive treatment.
Some participants (2%) had choroidal nevi, benign fundus lesions that require monitoring to assess whether there is growth that may suggest malignancy. Other participants had increased optic nerve cup-to-disc ratios, a finding suggestive of glaucoma, a frequently asymptomatic, serious sight-threatening condition that requires follow-up by an ophthalmologist. Finally, some participants had embolic plaques, a condition that requires additional workup to identify the source of this embolic material.
A comparison of the CRIC participants who had fundus photography in the RCRIC study with the rest of the available CRIC participants who did not participate in the RCRIC study suggests that the RCRIC study included healthier individuals than the overall CRIC population. Our study group included participants with higher mean eGFR, lower mean systolic BP, lower mean BMI, and less prevalence of diabetes. This suggests that the prevalence of eye conditions shown in our data may underestimate the prevalence of eye pathology in the overall CRIC population. Limitations of our study are that we had only nonstereo photographs without a complete eye examination and that not all CRIC participants were included in our study, as discussed already.
Conclusions
Our results demonstrate high prevalence of fundus pathology in the CRIC study cohort, suggesting shared causative pathways between kidney and retinal disease. Patients with CKD and with health characteristics similar to those of the CRIC study participants should be encouraged to receive a complete eye examination.
